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Abstract 
 In this study, a Scanning Probe Microscope(SPM) probe was developed to measure electric properties 
on surface at high resolution. It is composed of a V-shaped cantilever on which a planar MOS (Metal 
Oxide Semiconductor) transistor and a sharp CNT (Carbon Nano-tube) tip mounted on the gate. The CNT 
tip was made by electro-deposition and dry-out technique on a tiny platinum cone fabricated by FIB 
(Focused Ion Beam ). With the fabricated probe, electrical properties such as bound charges on a poled 
area of ferroelectric thin film can be successfully detected as can be done with the Electrostatic Force 
Microscopy (EFM) probe. Since the probe has a tip with 12nm radius and a sensitive FET(field effect 
transistor), its resolution and sensitivity may be superior to the conventional EFM probe.  
 
© 2011 Published by Elsevier Ltd. 
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1. Introduction 
EFM has been known to be the best tool for measuring electric properties such as charges or electric 
potential on a surface in nanometer resolution [1]. But, EFM has some problems such as limited scanning 
speed, high cost and use of additional equipment like lock-in-amplifier. To overcome these problems, 
several types of FET-mounted probes have been proposed as a substitute of EFM [2-5]. Compared with 
the EFM, the FET-mounted probe can provide such benefits as low-cost circuitry, high imaging speed and 
a potential to open a new measurement scheme [2-5]. Among the proposed FET-mounted probes, Lee et. 
al proposed the one having FET on the flat surface of cantilever and a sharp platinum tip mounted on the 
gate of FET [2-5]. Since the sharpness of the Pt tip fabricated by FIB is limited, its spatial resolution was 
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not sufficiently high. Therefore, it is important to develop a FET-mounted probe with a sharper tip such 
as the CNT tip to achieve higher imaging resolution and higher sensitivity.  
 
2. Design and Fabrication  
 The FET-mounted probe with nano tip consists of V-shaped cantilever, MOS transistor and conductive 
nano tip. When tip contacts surface of sample, the tip conducts the electric charge or potential to the gate 
metal through nano tip without loss because the tip is grown onto gate metal electrode. As a result, a FET 
mount probe can detect electric properties on surface directly. And more important role of the tip is 
determinant of measurable range of probe. To scan the topological image and surface potential in region 
of nano-range, probe’s tip should be developed to tip with nano resolution. From this point, we tried to 
make sharper tip than before. So we tried to attach sharper CNT tip onto Pt tip. 
 The FET-mounted probe was fabricated with standard CMOS processes. Since the nano tip can be 
affected during fabrication processes, FET-mounted V-shape cantilever should be fabricated first.  Fig. 1 
shows fabrication process. We started fabrication process with the SOI(silicon-oxide-silicon) wafer with 5 
μm of device silicon. To make depletion mode MOS, the gate region was doped with phosphorous early. 
It makes electrical current flow even at negative gate potential. Afterward, The Source and Drain region 
was defined. And Cr/Au layers was deposited and patterned for metal electrode. And cantilever releasing 
was accomplished with deep Si etch process after 2-D MOS transistor was fabricated. Fig. 2 shows SEM 
image after cantilever releasing. 
 
              
Fig. 1. Fabrication process of the FET mounted cantilever.                   Fig. 2. SEM image of released cantilever. 
 
After releasing cantilever, the tip was fabricated through three steps. Firstly, the Pt tip was grown with 
FIB(Focused Ion Beam) system. The grown Pt tip had about 60 nm tip radius. Secondly, we tried to 
attach CNT (Carbon Nano-Tube) nano-tip at the end of Pt tip to obtain nano resolution. It was made by 
electro-deposition with template of CNT as shown in Figure. 3 [6]. In this method, a SWNT(Single-Wall 
Nano Tube) nanoneedle, with a diameter of 1.0-1.2 nm and length of 5-20 ȝm, was attached at the end of 
the conductive Pt tip using DEP(dielectrophoresis) and surface tension. When the Pt tip and tungsten tip 
were placed a few micrometers apart and suspension is between two tips, and a AC electric field of 1MHz 
frequency and 10 Vp-p amplitude was applied on tungsten tip, the suspension partially formed meniscus 
between tips due to DEP force. Then the collected  SWNTs in meniscus were attached to Pt tip by surface 
tension. Even though a nano CNT tip was attached onto Pt tip successfully, this method had limit to 
control tip-length. The grown CNT tip has about 6 ȝm tip height and about 10nm tip radius as shown in 
Fig. 4 (a). Hence, it was essential to cut the CNT tip because thin and long tip could be broken easily on 
contacting surface. We cut and sharpened it using FIB. As a result, we achieved about 12nm of tip radius 
(Fig. 4. (b)).  
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Fig. 3. Schematic diagram of the fabrication of a carbon nano tip. 
 
    
 (a) Overall View of tip after attaching CNT tip      (b) Final view of tip diameter at the end of CNT tip 
Fig. 4. SEM image of Tip 
 
3. Measurement and Result  
 The fabricated device was evaluated with poled PZT pattern. The conductive SPM probe was used for   
poling patterns on PZT. The bottom of the PZT layer was maintained with minus 10V DC, and the 
grounded probe scaned the 30x30um2 region on the surface of PZT. The FET-mounted Probe with nano 
CNT tip measured the poled pattern with commercial SPM system(Seiko Co., SPA 400). And the 
measurement result is shown in Fig. 5. The topographical measurement result shows no critical patterns 
as shown in Fig. 5 (a), whereas the current measurement result shows the clear poling patterns like Fig. 5 
(b). This result shows that the device can detect the electric properties on surface.  
 
           
(a) Topographical measurement result      (b) Electrical measurement result 
Fig. 5. Measurement results of PZT poling pattern.   
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4. Conclusion  
The FET-mounted Probe for nano resolution was successfully fabricated. Poled PZT pattern is applied to 
FET-mounted Probe with nano CNT tip to evaluate the performance of detecting electrical properties on 
surface. The measurement result shows that FET-mounted Probe with nano CNT tip can detect surface 
charge. When the FET-mounted Probe with nano CNT tip was placed on the region poled by minus 10V 
DC, the bound charge in PZT affects the tip and eventually minus charge is induced in gate electrode. 
Because the induced minus charge makes channel of FET less conducting, current from Drain to Source 
of FET decreases. So lower output signal appeared in poled region. Based on this research, the 
measurement result shows the promising aspect of detecting surface electric properties with FET- 
mounted Probe with CNT tip. We can confirm the compatibility of CNT as tip for measuring electric 
properties on surface. In future works, the spatial resolution may be improved over the probe with a Pt tip 
fabricated and tested in the previous studies.      
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